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Chapter 1 
A Profile of the Physical Attributes of the Little Bear River in  
the Context of the Serial Discontinuity Concept 
[by] Marc Weston 
 
SUMMARY 
 
To study the Little Bear River’s physical characteristics in the context of the serial discontinuity concept, 
sites were sampled along a continuum from the headwaters to 51 km downstream, near where the Little 
Bear River flows into Cutler Reservoir.  Samples were collected in September 2012 at base flow.  To 
estimate sediment sizes along the transect pebble counts were conducted at six sites and where possible 
pebble counts were done in both pools and riffles.  Sediment sizes showed a decrease in median size (D50 
) of 45 mm at the upper station to the lower station where the substrate was a mixture of sand and silt.  An 
elevation gradient profile measured with ArcGIS demonstrated a significant positive correlation between 
elevation and substrate size.  Sinuosity was measured using ArcGIS and showed an increasing trend from 
the upper reaches to the lower reaches, but the lower valley agricultural areas had remnants of levees, 
indicating that the river was not following its natural channel. 
 
INTRODUCTION 
 
The Little Bear River watershed, located in Cache Valley Utah, has been altered by anthropogenic 
development.  Historically, the Little Bear River was a free flowing stream with two main drainages, the 
East Fork and the South Fork.  For this study I focused on the South Fork and the effects of Hyrum Dam on 
the physical parameters of the Little Bear River within the contexts of the River Continuum Concept (RCC) 
(Vannote 1980) and the Serial Discontinuity Concept (SDC, Ward and Stanford 1983).  The study included 
substrate size analysis, sinuosity measures, and a gradient profile analysis of the Little Bear River. 
 
It is likely that channel morphology has been altered on the Little Bear River due to human influences.  
Hyrum Dam, agricultural practices, and some small communities along the river have all played a part in 
altering channel morphology.  Sinuosity and gradient could be altered due to all three of these factors 
(Kang et al. 2006).  Hyrum Dam has likely affected the lower reaches of the Little Bear River due to 
reduced upstream sediment supply, causing variations in the substrate character and channel 
geomorphology as shown elsewhere (Draut et al. 2011).   
 
Expectations made from the Serial Discontinuity Concept (SDC) are that the average sediment size will 
decrease from the upper reaches to just above Hyrum Dam, where most of the fine sediments will be 
captured.  Below the dam the average substrate size should sharply increase, then begin to decrease 
towards the lower reaches until the Little Bear River enters Cutler Reservoir (Ward and Standford 1983).  
Sinuosity should be higher in the lower reaches, also due to decreased elevation gradient.  Hyrum Dam 
could affect sinuosity of the lower reaches due to altered flood regime (Draut et al. 2011).  Gradient 
should be higher in the upper reaches due to the geography of the area and become much less in the 
lowlands, entering the valley floor.  I also predicted that diking in the lower reaches, due to agriculture 
practices, would decrease sinuosity in the lower elevation areas of the Little Bear River. 
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METHODS 
 
Study Area 
Choosing sites for substrate analysis on the Little Bear River was difficult due to the minimal field time for 
this project.  Six sites were chosen to best describe changes in the Little Bear River from the headwaters to 
the lower reaches, before entering Cutler Reservoir (Executive summary, Figure 1).  Station 2 was selected 
to represent the higher gradient upper reaches of the Little Bear River.  Station 4 was selected to show the 
effects of the East Fork of the Little Bear River on sediments.  Stations 6 and 7 were above and below 
Hyrum Reservoir, respectively, thus allowing me to gain an idea of the effects of the dam on channel 
structure (Ward and Stanford 1983).  Station 10 and Station 11 were representatives of the low gradient 
agricultural area of the lower Little Bear River.   
 
Gradient Profile 
The elevation gradient profile was extracted using ArcGIS.  The channel digitization was used to generate 
a table with elevation data at various points along the river.  Along the channel, there were 855 points, 
roughly every 60 m downstream from Station 1, plotted with elevation data for each point.  With these 
elevation data a profile of the gradient was constructed against the downstream distances.   
 
Pebble Counts 
Pebble counts were conducted at six sites; Station 2 was located 3.4 km downstream of the uppermost site 
(Station 1), Station 4 was located 15.8 km downstream, where the gradient decreased near the town of 
Avon, Station 6 was located 26.2 km downstream, just above Hyrum Reservoir, Station 7 was 
approximately 2 km below Hyrum Dam and was 32.1 km downstream, Station 10 was located 46.9 km 
downstream, and lastly, Station 11 was located 51 km downstream near Mendon Utah.  All of the 
downstream distance measurements are referenced to Station 1 studied by the WATS 4510 class.  Three 
sites above Hyrum Reservoir were selected to represent changes in substrate prior to the influence of the 
reservoir.  Station 6, directly above Hyrum Reservoir, and Station 7, directly below Hyrum Dam, were 
employed to potentially show the effects of the dam (See site map in executive summary).  For most of the 
sites, there were 100 pebbles measured at both a representative riffle and pool habitat (Bunte et al. 2009).  
At Station 2, only 50 measurements were made due to a small cross section at the riffle.  The pool habitat 
at this location was not measured.  Once the representative pool or riffle was chosen, counts were 
conducted by choosing randomly the particle first touched by the index finger at the point of the toe, 
while walking heel to toe.  After the particles were randomly chosen they were measured using a 
gravelometer, which had size classes from 4 mm to a maximum size of 128 mm. 
 
A median substrate size (D50), was then estimated.  Note that this parameter is not a measure of the 
median size of particles in the bed, but rather is a measure of the areal coverage of particles of different 
sizes.  At all sites very small particles would dominate numerically, but each of these tiny particles covers 
only a very small area.  At Station 2 only 50 pebbles were measured due to the fact that the majority of the 
cross section at the riffle and pools were particle sizes above 128 mm, the upper limit of the gravelometer 
used, and thus, these values were recorded as a 128 mm.  At Stations 10 and 11 there were no riffles 
present and the substrate at these sites consisted of uniformly small particle sizes.  Station 11 differed 
slightly from Station 10, with Station 10 consisting of a mostly sand substrate and Station 11 consisting of 
smaller silts and clays.  These differences were noted in the field.  The gravelometer used for this sampling 
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was only useful down to a diameter of 4 mm, which was too big for these sand and silt substrates.  For 
analysis of this data these sites were given arbitrary numbers: Station 10’s particles were classified as 0.2 
mm and Stations 11’s particles were classified as 0.1 mm, these numbers were assigned to show a 
difference in the composition of substrate between sites.  A pebble count at Station 6 pool habitat revealed 
only fine sediments of sand and small pebbles: these were also smaller than 4 mm, the smallest size on 
the gravelometer.  These were again assigned an arbitrary value (1 mm) representing a slightly larger 
average particle size than the lower sites.   
 
Sinuosity 
ArcGIS was used to measure the thalweg channel distance downstream and the straight-line distances 
between sites.  Sinuosity was measured as a ratio of these two measures (Channel Length /Straight Line 
Distance).  Using a base map from August 2011 the river was manually digitized.  The margins of error 
due to the riparian cover occasionally obscuring the channel were relatively small comparatively across 
the entire 51 km length of the study area.   
 
RESULTS 
 
Gradient Profile and Channel Width 
As expected, gradient in the upper reaches was higher than in the lower stretches (Figure 1).  The section 
directly below the Hyrum Dam, had a severe drop in elevation (Figure 1).  The channel width increased 
from approximately 1-m wide at Station 1 to 10-m at Station 4.  It then decreased slightly at Station 6 and 
then markedly in the de-watered section below Hyrum Reservoir (Station 7).  In the valley bottom the 
channel was 10 m wide in the levied section at Station 10, and increased to 16 m at the final Station (11) 
by Mendon Bridge. 
 
 
 
Figure 1. Elevation profile of the 
Little Bear River along the study area 
of the WATS 4510 class. The shaded 
rectangle represents the location of 
Hyrum Reservoir. 
 
 
 
 
 
 
Pebble Counts 
Pebble counts at the six sites revealed a trend of smaller particle size moving down the gradient of the 
Little Bear River (Figure 3a and 3b).  Substrate size decreased significantly from high in the watershed to 
the lower valley sections (pool regression analysis; p= 0.014; riffle regression analysis; p= 0.057).  The 
relationship between riffle particle size and stream distance was only marginally significant.  There were 
slightly coarser particle sizes directly below Hyrum Reservoir compared to the site above the 
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Sinuosity 
Sinuosity downstream from the upper site of the study to the lower site 51 km downstream, showed a 
significant (p= 0.00004) positive correlation with distance downstream (Figure 4).  Sinuosity 
measurements in this study may not reflect the actual sinuosity measures at the time the study was 
conducted but as a comparative measure from the upper sites to the lower sites it is representative.  In the 
upper reaches of the Little Bear River where the channel is confined by a canyon, sinuosity was 1.2 
(Figure 4 and Photo 1 in Appendix).  Below Station 7 there was a considerable increase in sinuosity from 
about 1.3 at 30 km downstream to 1.9 and 1.85 at 36 km and 40 km downstream, respectively (Figure 4 
and Photo 2 in Appendix).  Sinuosity trends increasing downstream could be explained by a decreasing 
elevation gradient (c.f. Figure 4 and Figure 1). 
 
 
 
Figure 4. Sinuosity at each Station, 
plotted as a function of distance 
downstream. There were ten sites.  
There is a strong relationship 
between increasing sinuosity from 
upper reaches to the bottom 
reaches in the valley floor (p-value = 
0.0004).   
 
 
 
 
 
DISCUSSION 
 
The elevation profile of the Little Bear River appeared to follow with the patterns of the River Continuum 
and Serial Discontinuity Concepts, with a high gradient upper watershed then moving into a lower 
gradient toward the valley floor (Ward and Stanford 1983).  The high upper gradient would explain a 
larger particle substrate composition, as gradient is a key factor in what sediments are deposited.  This 
same concept would explain increase in D50 measurements of sediment composition directly below 
Hyrum Dam.  It appears that substrate composition is a function of the gradient on the Little Bear River.  
As seen elsewhere, elevation gradient is directly correlated to the size of sediment transported. 
 
Substrate composition down the gradient of the Little Bear River behaved as described by the Serial 
Discontinuity Concept (Ward et al. 1983).  D50 and D25 substrate measurements show a decreasing trend 
down the gradient of the Little Bear River from a D50 of 45 mm at Station 2, down to a pool D50 of ~1 mm 
and the riffle D50 of 16 mm, at Station 6.  However, there were only small differences in the substrate 
values between Station 2 (3.4 km downstream) and Station 4 (15.8 km downstream), where the D50 value 
was identical.  The elevation gradient of the Little Bear River was very similar in the areas of Station 2 and 
Station 4, which could explain the similar substrate composition.  Station 6 (26.2 km downstream) was 
unique in that the riffle and pool substrate compositions were drastically different.  It seems that Station 6 
pool habitat was an outlier in the substrate composition of mostly sand and silt.  There was a sharp 
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increase in substrate size at the site below Hyrum Reservoir.  This was followed by a continued decreasing 
trend to the bottom sites.  The pebble counts from the pool habitats at Station 6 (26.2 km downstream), 
Station 10 (46.9 km downstream), and Station 11 (51 km downstream) were only approximate due to 
improper sampling device being used.  A sieve would have produced an accurate measurement of the 
particle sizes at these sites; instead arbitrary values were given to represent substrate composition that was 
estimated visually.   
 
Sinuosity measures for this study were subject to some degree of error but are useful for comparative 
analyses.  Sinuosity trends increasing downstream could be explained by a decreasing elevation gradient 
(Figure 4 and Figure 1).  There are several anthropogenic factors that could affect these measurements.  
The effects of Hyrum Reservoir on sinuosity are primarily due to an altered flood regime, lessening the 
effects of floods on channel morphology.  Below Hyrum Reservoir there are several small communities 
and agricultural lands.  These are possible causes of human influenced channelization, decreasing 
sinuosity (Kang et al. 2006).  While I was digitizing the channel length of the Little Bear River I noticed 
some areas that had what appeared to be old dry river channels that may have been lost due to human-
influenced channelization (Photo 3 in Appendix).  The natural channel in the upper reaches was confined 
to a small canyon in a high gradient area.  It then flows out of the canyon into the valley floor where the 
gradient decreases causing a natural shift to a higher sinuosity.  Because I used a base map from 2011 (a 
very high water year) to digitize the channel of the Little Bear River this may have caused some variation 
from the channel that would we observed during September 2012.  Although there may be differences in 
the sinuosity measured and actual sinuosity during the September 2012 sample period, these measures are 
representative for comparative analysis between the higher gradient upper reaches and the lower gradient 
reaches located in the valley floor.   
 
In conclusion, the study of physical parameters of the Little Bear River shows a strong relationship with the 
Serial Discontinuity Concept (Ward et al. 1983) and the River Continuum Concept (Vannote et al. 1980).  
The elevation profile of the Little Bear River shows a steeper gradient in the upper stretches with a narrow 
channel, moving into a low gradient, and wider river in the lowest reaches.  The substrate measures show 
higher median substrate size composition in the sections with higher gradients.  Sinuosity of the Little Bear 
River increased the lower elevation areas, where there was an unexpected peak in sinuosity in the area 
between 36 km and 47 km downstream. 
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